Introduction {#S0001}
============

The World Health Organization (WHO) defines preterm birth as any birth before 37 completed weeks of gestation, or fewer than 259 days since the first day of the women's last menstrual period.[@CIT0001] Preterm birth results in a significant perinatal health problems and long-term impacts on families. Preterm birth rate appears to be increasing.[@CIT0002] Globally, the preterm birth rate was estimated at 9.8% (8.3--10.9) in 2000, and 10.6% (9.0--12.0) in 2014.[@CIT0003] The highest preterm birth rates in 2014 were in Southeastern Asia, South Asia and sub-Saharan Africa.[@CIT0002],[@CIT0003] Preterm birth rates in Thailand in 2010 were 12.0%, the 55th in the world.[@CIT0002]

It is now clear that the etiology of preterm birth is multifactorial. Risk factors include uterus overdistension, maternal genital tract infection, diabetes mellitus, hypertension, and psychological stress. Psychosocial stress is increasingly being reported as a significant risk factor for preterm birth because of neuroendocrine, immune-inflammatory, vascular, and behavioral changes during pregnancy.[@CIT0004] Moreover, lifestyle changes are also an important cause of increasing psychosocial stress including urbanization, health behavior, physical activities, employment, working condition, tobacco use, alcohol use, and illicit drug use.

Perceived stress is the feelings or thoughts that an individual has about how much a stress event or situation generates at a given point in time or over a given time period.[@CIT0005] Measurement of psychosocial stress has been proposed by several experts. The most widely used psychological instrument for measuring the perception of stress is the Perceived Stress Scale (PSS) which was originally developed by Cohen S. et al in 1983.[@CIT0006] The PSS is a self-assessment tool to appraise the degree to which an individual has been confronted with unpredictable, uncontrollable, and overloaded events in the past month. The PSS has been translated into various versions and languages, including Thai. The PSS version in Thai is PSS-10 which is a brief, easy-to-use version with equivalent psychometric properties to the PSS-14. The Thai version of the PSS-10 (T-PSS-10) has been proved to have good reliability and validity for estimating the level of stress perception within a Thai cultural context.[@CIT0007]

The prevalence of perceived stress during pregnancy ranges from 11.6% to 34%.[@CIT0008],[@CIT0009] There is strong evidence that antenatal psychosocial stress during pregnancy increases the likelihood of preterm birth.[@CIT0010] Results from a systematic review discovered that the association of psychological stress with preterm birth varied according to the dimensions and timing of stress exposure. Most studies demonstrated positive results with risk ratios between 1.2 and 2.1.[@CIT0011] Recently, a systematic review and meta-analysis revealed that antenatal stress was significantly associated with preterm birth.[@CIT0012] Additionally, there is evidence that higher levels of psychological stress during pregnancy put expectant mothers at significantly increased risk of preterm birth.[@CIT0013]

Although many studies have reported the effect of maternal perceived stress on preterm birth, this has not yet been studied in Thailand and in South-East Asia region. Moreover, there have been few reports of possible risk factors among pregnant women. This study sought to explore maternal stress levels, perceived stress scores, associated and predictive factors in pregnant women with preterm birth. Furthermore, results of this study will provide further information for the prevention and management of antenatal perceived stress to reduce preterm birth.

Patients and Methods {#S0002}
====================

An unmatched case--control study was conducted in postpartum women, between January 17, 2019, and September 30, 2019, at the Department of Obstetrics and Gynecology, Faculty of Medicine Vajira Hospital. Approval for the study was obtained from the Institutional Review Board (IRB) of the Faculty of Medicine Vajira Hospital, Navamindradhiraj University.

The studied population consisted of postpartum women who gave birth at the Department of Obstetrics & Gynecology, Faculty of Medicine Vajira Hospital. The population was divided into case and control groups. The case group was postpartum women with preterm birth (gestational age of 24--36^+6^ weeks) and the control group was consecutive postpartum women with term birth (37--42 weeks). Inclusion criteria of both groups were Thai nationals who could communicate in Thai, age \>19 years old, and singleton pregnancy. Exclusion criteria of both groups were potential risk for preterm birth, including polyhydramnios, fetal macrosomia, incompetent cervix, history of preterm birth, history of cervical surgery, preterm premature rupture of membrane, uterine abnormalities, and maternal infection (intrauterine, urogenital and periodontal disease); conditions that affected maternal physiologic stress such as gestational diabetes mellitus; maternal indication for termination of pregnancy (severe preeclampsia, placental abruption, placenta previa with active vaginal bleeding); and history of psychiatric illness.

The sample size for unmatched case--control was calculated using data from a previous study in Sweden.[@CIT0014] They found that maternal stress during pregnancy was 42.3% in preterm birth and 20% in term birth (p \< 0.000). The confidence level of 95% and power of 90% was applied to determine the difference between groups. Adding 10% for incomplete data, a total of 198 participants (99 in each group) were enrolled in this study by computerized simple random sampling technique and divided into case and control groups at a ratio of 1:1.

All participants were informed about study processes by a well-trained research assistant, including the aim of the study, the methods of interview, benefits of the study, harm that may be caused to the participant physiologically and psychologically, and their right to leave the study at any time they desired or feel uncomfortable about anything in the study. Data from the study always remained confidential.

After completing informed and written consent, participants who fulfilled the inclusion and exclusion criteria were interviewed by a well-trained research assistant using a structured questionnaire which included demographic data (age, body mass index: BMI, marital status, educational status, occupation, incomes, smoking, and alcohol drinking), obstetric data (parity, abortion, pregnancy intention), serious life events during the past month of pregnancy (death of close relatives, divorced/separated, fired/forced to change job, physical/psychological trauma from family members, suicidal ideation/attempts), perceived stress score, and maternal stress level during the past month of pregnancy.

Maternal perceived stress was measured by T-PSS-10. The T-PSS-10 is composed of a 10-item questionnaire with 5-point Likert scale ranging from 0 (never) to 4 (very often), representing how often they had perceived stress within the past month. The sum of all 10 items was calculated for the final T-PSS-10 score. Individual scores can range from 0 to 40 with higher scores indicating greater perceived stress. In this study, the authors categorized the final T-PSS-10 score into 3 groups to identify maternal stress level. Scores of 0--13 were considered as low stress, 14--26 as moderate stress, and 27--40 as high stress.

The primary outcomes of this study were identifying maternal stress level and perceived stress score during pregnancy in pregnant women and comparing preterm birth to term birth. The secondary outcomes were investigating associated factors and predictive factors of preterm birth. The data were analyzed by a statistician using SPSS version 22 (IBM Corp., Armonk, NY, USA).[@CIT0015] Student's *t*-test and Chi-squared test were used for data analysis. Univariate and multivariate analyses were further entered into logistic regression analysis to determine independent predictors of preterm birth and presented as odds ratio and 95% CI. *P*-value of less than 0.05 was considered statistically significant.

Results {#S0003}
=======

This case--control study was conducted between January 17, 2019, and September 30, 2019. A total of 200 postpartum women were enrolled in this study, including 100 cases and 100 controls. Baseline demographic characteristics of all participants are shown in [Table 1](#T0001){ref-type="table"}. The majority of the 200 participants had a mean age of 27.01±6.39 years old, normal BMI (85.5%), were married (79.0%), had a high school education (50.0%), were employed (53.5%), had income of 10,001--20,000 baht, were non-smokers (93.5%), and drank no alcohol during pregnancy (93.5%). The obstetric characteristics showed that the majority were multiparity (59.5%), had no previous abortion (82.0%), and had unintended pregnancy (55.5%). Most participants had no serious life events during the last month of pregnancy including no death of close relatives (91.0%), not divorced/separated (85.0%), nor fired/forced to change job (90.5%), nor suffered physical/psychological trauma from family members (80.0%), and suicidal ideation/nor had suicide attempts (95.5%). A comparison of preterm birth with term birth found that marital status, alcohol drinking, pregnancy intention, divorce/separation, and physical/psychological trauma from family members was significantly different between groups (p\<0.005).Table 1Demographic Characteristics of Postpartum Women and Association with Preterm BirthCharacteristicsTotalCases (n=100)Controls (n=100)p-valuen(%)n(%)n(%)Age (years)27.01±6.3927.66±6.3826.36±6.390.151BMI at the Beginning of Pregnancy (kg/m^2^) Normal171(85.5)84(84)87(87)0.550 Overweight/obese29(14.5)16(16)13(13)Marital Status Single27(13.5)15(15)12(12)0.008 Married158(79.0)72(72)86(86) Divorced15(7.5)13(13)2(2)Educational Status Elementary school30(15.0)15(15)15(15)0.825 High school100(50.0)48(48)52(52) Diploma's degree35(17.5)20(20)15(15) Bachelor's degree35(17.5)17(17)18(18)Occupation Unemployed93(46.5)48(48)45(45)0.630 Employed107(53.5)52(52)55(55)Incomes (baht) None49(24.5)27(27)22(22)0.671 \<500029(14.5)17(17)12(12) 5000--10,00048(24.0)21(21)27(27) 10,001--20,00063(31.5)30(30)33(33) \>20,00011(5.5)5(5)6(6)Smoking Yes13(6.5)8(8)5(5)0.390 No187(93.5)92(92)95(95)Alcohol Drinking During Pregnancy Yes13(6.5)11(11)2(2)0.010 No187(93.5)89(89)98(98)Parity Primiparity81(40.5)43(43)38(38)0.755 Multiparity119(59.5)57(57)62(62)Abortion No164(82.0)79(79)85(85)0.322 Yes36(36.0)21(21)15(15)Pregnancy Intention No111(55.5)64(64)47(47)0.016 Yes89(44.5)36(36)53(53)Serious Life Events --Death of Close Relatives  No182(91.0)89(89)93(93)0.323  Yes18(9.0)11(11)7(7) --Divorced/Separated  No170(85.0)78(78)92(92)0.006  Yes30(15.0)22(22)8(8) --Fired/Forced to Change Job  No181(90.5)90(90)91(91)0.809  Yes19(9.5)10(10)9(9) --Physical/\
Psychological Trauma  No160(80.0)74(74)86(86)0.034  Yes40(20.0)26(26)14(14) --Suicidal Ideation/Suicide Attempts  No191(95.5)94(94)97(97)0.306  Yes9(4.5)6(6)3(3)[^1][^2]

[Table 2](#T0002){ref-type="table"} shows maternal stress level and mean perceived stress scores measured by T-PSS-10. Most postpartum women with preterm birth had moderate stress (83%), whereas most of those with term birth had low stress (65%). Maternal stress level was significantly higher in preterm birth than term birth (p\<0.001). Mean prenatal perceived stress scores were 19.43±4.48 in preterm birth group and 12.08±4.06 in term birth group. Those with preterm birth reported significantly higher perceived stress scores than those with term birth (p\<0.011).Table 2Maternal Stress Level and Perceived Stress Scores During PregnancyVariablesCase GroupControl Groupp-valuen(%)n(%)Maternal stress level during pregnancy Low stress8(8)65(65)\<0.001 Moderate stress83(83)34(34) High stress9(9)1(1)Perceived stress score (mean ± SD)19.43±4.4812.08±4.06\<0.001[^3]

To analyze maternal stress level and associated factors predicting preterm birth, univariate regression analysis found that significant factors were maternal stress level (OR = 11.05, 95% CI 4.86--25.14), marital status (OR = 7.76, 95% CI 1.70--35.54), alcohol drinking (OR = 6.06, 95% CI 1.31--28.07), pregnancy intention (OR = 0.50, 95% CI 0.28--0.88), divorced/separated (OR = 3.24, 95% CI 1.37--7.69), and physiological/psychological trauma (OR = 2.16, 95% CI 1.05--4.44). After multiple logistic regression adjusting for maternal stress level, T-PSS-10 scores, marital status, alcohol drinking, pregnancy intention, divorce/separation, physical/psychological trauma and preterm birth were analyzed. This study found that significant predictive factors of preterm birth were maternal stress level (adjusted OR = 8.66, 95% CI 3.64--20.63) and T-PSS-10 scores (adjusted OR = 1.31, 95% CI 1.20--1.44) ([Table 3](#T0003){ref-type="table"}).Table 3Univariate and Multiple Logistic Regression Analyses of Factors Associated with Preterm BirthVariablesUnivariate AnalysisMultivariate AnalysisMultivariate AnalysisOR^a^95% CIp-valueOR~adj~^b^95% CIp-valueOR~adj~^c^95% CIp-valueMaternal Stress Level Low1.00Reference1.00Reference Moderate/High11.05(4.86--25.14)\<0.0018.66(3.64--20.63)\<0.001NANANAT-PSS-10 scores1.33(1.22--1.45)\<0.0011.31(1.20--1.44)\<0.001Marital Status Married1.00Reference1.00Reference1.00Reference Single1.49(0.66--3.39)0.3390.78(0.23--2.59)0.6810.47(0.13--1.67)0.244 Divorced7.76(1.70--35.54)0.0082.17(0.29--16.15)0.4481.02(0.11--9.48)0.989Alcohol Drinking Yes6.06(1.31--28.07)0.0214.91(0.61--24.53)0.0694.87(0.81--29.29)0.083 No1.00Reference1.00Reference1.00ReferencePregnancy Intention No1.00Reference1.00Reference1.00Reference Yes0.50(0.28--0.88)0.0160.62(0.31--1.28)0.1960.59(0.28--1.24)0.165Divorced/Separated No1.00Reference1.00Reference1.00Reference Yes3.24(1.37--7.69)0.0081.96(0.46--8.38)0.3641.40(0.30--6.48)0.667Physical/Psychological Trauma No1.00Reference1.00Reference1.00Reference Yes2.16(1.05--4.44)0.0361.52(0.65--3.54)0.3311.27(0.52--3.13)0.605[^4][^5]

Discussion {#S0004}
==========

This case--control study of how perceived prenatal stress affects preterm birth using T-PSS-10 found that most postpartum women with preterm birth had moderate stress making it difficult to evaluate the effect of high stress on preterm birth. The occurrence of preterm birth was significantly correlated with prenatal perceived stress scores (19.43±4.48 vs 12.08±4.06, p\< 0.001). Comparisons with previous studies using Cohen's PSS showed that this study is consistent with the results of two studies in America. They found that preterm birth was associated with prenatal stress (OR 1.49, 95% CI: 1.00--2.23, *p* = 0.05) and (OR 3.50, 95% CI: 1.38--8.87, *p* = 0.01).[@CIT0016],[@CIT0017] Moreover, this study is also consistent with the results of studies that used different stress measurement tools from Sweden (OR 2.15, 95% CI 1.18--3.92, *p* = 0.012),[@CIT0014] and China (OR 2.86, 95% CI 1.26--6.47, *p* = 0.01).[@CIT0018] Additionally, the results of this study are consistent with a recent systematic review and meta-analysis from 1966 to 2016, including two case--control and six cohort studies, which revealed that antenatal stress was significantly associated with preterm birth (OR 1.42, 95% CI 1.05--1.91).[@CIT0012] Although there are few reports of negative effects from India (OR 1.28, 95% CI 1.31--5.14)[@CIT0019] and America (OR 1.14; 95% CI 0.97--1.34),[@CIT0020] most studies demonstrate that perceived stress during pregnancy significantly increases the occurrence of preterm birth, with a risk ration between 1.2 and 2.1.[@CIT0011]

In addition, this study revealed that higher maternal stress level was significantly associated with preterm birth occurrence (*p* \< 0.001). This finding is consistent with a study from America, in which perceived stress scores were categorized into quartiles from low stress to high stress. They found that women with the highest stress were at more risk of preterm birth than those with the lowest risk (OR 3.50, 95% CI 1.38--8.87) with a linear trend for each increasing quartile of stress (*p*~trend~ =\<0.01).[@CIT0017] This finding indicates that the higher the stress level the greater risk of preterm birth. Therefore, interventions targeted at reducing stress during pregnancy should be part of a strategy to decrease risk of preterm birth. All pregnant women attending antenatal clinic should be screened for psychosocial stress.[@CIT0021] Moreover, psychological counseling, psychotherapeutic support, family and social support should also be provided to high risk populations.[@CIT0011],[@CIT0022]

In this study, significant associations were seen between marital status, alcohol drinking, pregnancy intention and preterm birth. These factors could be perceived as stressful events that affect the pregnancy outcome. However, after adjustment for confounders using multiple logistic regression to adjust for maternal stress level, PSS scores, marital status, alcohol drinking, pregnancy intention, divorce/separation, physical/psychological trauma and preterm birth, this study revealed that these factors were not significantly related to preterm birth. The significant predictive factors for preterm birth were perceived stress scores and maternal stress level.

Furthermore, this study found that serious life events did not increase the risk of preterm birth. This result is in contrast to previous studies. A report from Peru revealed that prenatal serious life events caused more than a two-fold increased risk of preterm birth (OR 2.29, 95% CI 1.65--3.18) and the magnitude of the association increased with the increased frequency of serious life events (*p*~trend~,0.001).[@CIT0023] Another report from China revealed that risk of preterm birth increased with higher prenatal serious life events during the first trimester (OR 2.40, 95% CI 1.13--5.09) and second trimester (OR 2.86, 95% CI 1.26--6.47).[@CIT0018] The reason for different findings in this study may be that the impact of stressful life events varies depending on lifestyle, culture, intent of stressor, timing of stressor, and self-perceived stress.[@CIT0024],[@CIT0025]

The results of this study showed the relationship between perceived stress during pregnancy and preterm birth; as such they have important clinical applications. To prevent and decrease preterm birth rate, reducing maternal perceived stress is one of the most important goals with which institutes should be concerned. Several interventions for psychosocial stress reduction should be achieved by cooperation between obstetricians, psychiatrists, all relevant medical personnel, and families. A screening protocol of perceived stress and other mental disorders might be initiated to detect early signs of stress in all pregnant women and, if possible, even earlier during pre-conception period. Appropriate management for stress reduction should then be performed as soon as possible.

This study provides supporting evidence that demonstrates the effect of perceived stress on preterm birth. These findings will help physicians realize the importance of perceived stress during pregnancy. Future research should study the effects of psychosocial stress reduction on preterm birth. Moreover, suggestions for future research should be extended to the study of family roles in psychosocial stress reduction and preterm birth.

Strengths and Limitations {#S0005}
=========================

The strength of this study is that it is the first study in Thailand about the relationship between maternal stress during pregnancy and preterm birth. Moreover, this study used a Thai version of Cohen's perceived stress scale (T-PSS-10), which is accepted worldwide, and has good reliability and validity for estimating the level of stress perception within a Thai cultural context. There are many limitations of this study. Firstly, this study was a case--control study for which data were obtained from participant's recall memory causing recall bias. Correcting for these limitations meant applying multivariate analysis to reduce bias and confounders and evaluating prenatal stress within the last month of pregnancy before preterm birth to reduce recall bias. Secondly, the participants were unblinded. Thirdly, maternal perceived stress score and stress level evaluation within the past month of pregnancy could not provide an adequate representation of stress throughout the whole pregnancy. Finally, factors that might affect psychosocial stress, such as attitude, beliefs, socioeconomic problems, life expectations, and family relationships were not evaluated in this study. Future research would study a larger sample size to support the connection of perceived stress and preterm birth. Moreover, a cohort design study is needed to evaluate the effects of maternal perceived stress throughout pregnancy on preterm birth. Suggested research should be extended to the study of maternal and neonatal outcomes of maternal perceived stress.

Conclusion {#S0006}
==========

Preterm birth is a worldwide perinatal health problem. Maternal perceived stress during pregnancy was statistically greater in preterm birth. Perceived stress scores and stress levels were significant predictive factors for preterm birth.
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[^1]: **Notes:** Data are presented as number (%). P-value corresponds to Chi-square test.

[^2]: **Abbreviation:** BMI, body mass index.

[^3]: **Notes:** Data are presented as number (%) or mean ± standard deviation. P-value corresponds to Student's *t*-test and Chi-square test.

[^4]: **Notes:** ^a^Crude odds ratio estimated by binary logistic regression. ^b^Adjusted odds ratio estimated by multiple logistic regression adjusted for maternal stress level, marital status, alcohol drinking, pregnancy intention divorced/separated, physical/psychological trauma and preterm birth. ^c^Adjusted odds ratio estimated by multiple logistic regression adjusted for T-PSS-10 scores, marital status, alcohol drinking, pregnancy intention divorced/separated, physical/psychological trauma and preterm birth.

[^5]: **Abbreviations:** NA, not applicable; T-PSS-10, Thai perceived stress scale 10; OR, odds ratio; ORadj, adjusted odds ratio; CI, confident interval.
